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model. The synoptic data of photosphere magnetic field from the Wilcox Solar Observatory was used as low boundary condition. Polar field corrections 0 to
1200 microTesla and the saturation factor of 1.8 were used in calculations. The source surface was situated at the distance of 2.5 solar radii. Observed
parameters of coronal rays from (Pishkalo and Baransky, Kinematics and Physics of Celestial Bodies, 2009, 25, 315-318) were compared with the modeled
ones. The best agreement of observed and modeled parameters was found when the calculation were made with polar field correction of about 600xcos®(6)
mcTesla. It was concluded that during the total solar eclipse of 2008 the strength of magnetic field at the solar poles was averaged to 650-700 microTesla at
the photosphere and to 13—14 microTesla at the source surface.
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CTATUCTUKA rPABITALIMHONO MIKPONMIH3YBAHHSA BIAAANIEHOIO AXXEPEJNA
CUCTEMOIO NMPOTAXHUX TA TOYKOBUX MAC 3A HAABHOCTI 30BHIWHBLOIO 3CyBY

lNobydoeaHo aemokopensyiliHi yHKYil kpusux 65ucky 8 Mmodeni MikposiH3yeaHHs1 eiddaneHo20 Oxxepesla cMoxacmu4HoHo
cucmeMoOK0 MOYKOBUX Mac (30pi) ma nNPoOmMspKHUX Mac (2imomemudyHi 32ycmku memHoi mamepii, TM). Okpim i3onboeaHux
32ycmkie TM po3a2nsitHymo makoxx cynepno3uyii mo4ykoeux mac i 32ycmkie TM 3i cninbHUM yueHmpom. AemokopensyiliHi pyHKYii
32eHepoeaHo Ons dekinbkox Habopie napamempie, wj0 xapakmepu3yromb 8iOHOCHY KOHUEHMpauyito mo4YKoeuXx i MPOMSIKHUX
mac nobnu3y nPomMeHsi 30py ma 308HiWHili 3cye.

Knroyoei cnosa: nozazanakmuy4He 2pasimayiliHe MiKpoJliH3yeaHHs, meMHa Mamepis.

1. BcTtyn. Y cyyacHy enoxy y cepeHi0 KOCMOJOTiYHY TyCTMHY Macu Hanmbinblli BHECKM Oal0Tb TEMHA €Hepris, LWo
npeacTaBieHa KOCMOJTONYHOK CTarnok, Ta HebapioHHa TemHa MaTepis (TM) [4]. BinbLicTb CNOCTEPEXHUX AaHUX MOXHa
onucaTtn B pamkax ctaHgaptHoi ACDM-mogeni 3 xonogHoto TM, xo4ya gesiki faHi cBigyaTb MPO MOXIMBICTb iCHYBaHHS
"rennoi" TM [6]. Yucnosi cumynsuii [8, 9] B mogensix 3 xonogHoto TM nepefbavatoTsb, L0 rano, ke 3 Hel cKnagatTbes,
KnacTepuayloTbCsi B cybrano MeHLUMX po3MmipiB, a Ti B CBOK Yepry MatTb CBOK CyOCTPYKTypy. B niTepatypi posrnsgatotb

[OCUTb LUMPOKMIA Aiana3oH Mac MiHi-rano, MiHiManbHi Macu SIKMX OUIHIOTb A0 10’6Mo i HaBiTb OO0 10’12Mo i3 npocrto-

poBuMMK MacwTabamu nopsaky i Ginbwe po3mipie CoHsiuHOI cuctemu [2, 3, 9]. MpasiTauiiHe MikponiH3yBaHHA € OQHWM 3
HebaraTbOX iHCTPYMEHTIB, AKU [03BONSE AOCNIMKYBATU HAABHICTb KOMMNAKTHUX Ta NPOTSHKHUX 06'EKTIB ycepeauHi ranakTuk
(ams., Hanp., [1, 10, 11]).

B paHit po6oTi Mn posrnggaemo y3aransHeHHs mogeni [11] rpasiTauiiHoro MikponiH3yBaHHA CTOXaCTUYHOK CUCTEMOIO
TOYKOBUX Mac Ta NPOTSHKHMX 3rycTKiB, sIKi MoaentooTb TM, 3a HasBHOCTI 30BHILLIHLOrO 3cyBYy Y . B pamkax 3anponoHoBaHol

HWX4e npocToi Modeni po3mip 3rycTka dpikcoBaHo napameTpoM K = R,/ R., e R, xapaktepusye "po3mip 3ryctka", R, —

TMnoBuN pagiyc EnHwTelriHa. YacTtka 3rycTkiB BU3HAYa€ETbCS iX ONTUYHOK MMUOUHOK O, NPU LUbOMY 3arafibHa ONnTUYHAa

cl
rmmbuHa B cuctemi o, € ctanoto. Lle aae amory o64mMcnnuTv aBToKOpensAUinHi yHKUIT KpUBMX MIACUNEHHS, L0 (PAKTUYHO €
aBTOKOPENAUINHUMN DYHKLiAMU KpMBKMX GrnMcKy MikponiHdoBaHoro mxkeperna). OCHOBHI PiBHSAHHS MoAeni nogaHo B n. 2,
Oonuc anropuTMy — B M. 3, pe3ynbTatu Ta 0GroBOpeHHs — y n. 4.

2. OcHOBHi cniBBigHOWEHHA. Y cuctemi N TOYKOBUX Ta LUEHTPANbHO-CUMETPUYHMX MPOTSDKHUX MIKPOSIH3 Pi3HUX

po3mipiB, Ha BiaMiHy Big [11], MM JOnyckaeMo TakoX Cynepno3uuii TOYKOBMX Mac Ta 3rycTkiB (3 CRiNMbHUM LIEHTPOM).
BianoBigHi piBHAHHSA rpasiTauiiHOrO MiKpOniH3yBaHHS MaloTb BUA:

L aRZ (x-x,) & (1-a)RE,(x-x,)

2 2 2
+RZ;

y=Ax- , O<ax1, (1)

= |x-x,

i=1 ‘X —X,.

Ae R,;, — xapakTepHuil po3mip i-i NpoTsxHOi Macu M,, aka mogenioe 3ryctok TM, X, — MONOXEHHS LIeHTPY (3rycTka uu

TOYKOBOI Macu), R, :[4GM,.D(,S/(cdeDs)T/2 — BignosigHWi papiyc kinbus EnHwrenna, D, , D, , D,, — BiAcTaHb A0
NNowmHN NiH3KM, 0O AXeperna, Ta Big NiH3W Jo Sxkepena signosigHo; A =diag(1-vy,1+v) — 2x2 maTtpuusa 3cyBy. KoxeH
yneH cymu B (1) onucye BHecok To4KoBOi Macn oM, Ta 3ryctky 3 macowo (1-o)M,; 3 TumM cammm nonoxeHHsm. MNpu a =1
MaeMo 3BUYaNHNA BUNaAoK MIKPOMiH3yBaHHA TOYKOBUMM Macamu. MNpu a =0 mikponiHza 3 R,; # 0 € NpoTsXHUM 06'eKTOM,
npm 0 <a <1 1a R,; # 0 Maemo MiHirano HaBKono BiAMNOBIAHOT TOYKOBOT MacHu.

Hani anga koxHoi peanisauii nons MiKponiH3 oTpMMaHO KapTy KoediuieHTIB NiACUMNEHHS, SKYy 3ropTacmo 3 po3noginioM
SICKpaBOCTi NO Ancky oxepena. lNpu pyci pxepena oTpMMYEMO KpUBY NiACUMNEHHST — 3anexHiCTb koedilieHTa nigcuneHHs Big
yacy K(t). Yci kpusi 6niucky 6yno pospaxoBaHO Ansi JKeperna 3 rayciBCcbkMm po3noginom. 3a pesynbtatamu pobit [1, 7, 11]

cnig odikyBaTu, WO BNAMB CTPYKTYpPWU [Kepena Ha CTaTUCTUKY KpUBUX ONUCKY € HesHayHuM, ocobnueBo ans knacy
KOMMaKTHUX 06'exTiB. Takmum YnHOM, OTpUMaHo Habip KpMBKX NIACUMEHHS K(t), SKi pO3rnagaemMo siK peanisavii ogHOpigHOro

BMNazKoBoro npotecy. Matoum Habip umx peanisauin 6yno po3paxoBaHO aBTOKOPENSLiNHI YHKLi:

A = ((KO—(K)) (K(t+1)~(K)))(AK)? , ae AK = <(K(t)—<K>)2> , (2)

e OyXKu <> 03HavalTb YCepeaHeHHs 3a ycima pearnisauismu.
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Puc. 3. ABToKopensuiiiHi dyHKuii kpuBux 6nucky npu 0,, =0.3, y=0, k=5, a=1/2

3. YncenbHi po3paxyHku KpuBuX Gnucky. [ns po3paxyHKy nons koedilieHTiB nigcuneHHs 6yno cnovatky 3reHepo-
BaHO Habip peanisauiii Nons TOYKOBMX MIKPOMIH3 3 MOMOXEHHAMMW X, AKi BUBMPanucs BUNagKoBO 3 OAHOPIOAHWM pO3mo-
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Ainom B Mexax kona pagiycy R, . Llen paniyc 6yno BubpaHo AOCTaTHbO BEMUKUM, abu MiHiMi3yBaTu BRNMB Kpamosux

edekTiB Ha KpuBY NiACUNEHHs Npu pyci Axepena BiAHOCHO MIKpOMiH3. B cBokw uyepry OoBXuWHa TpaekTopii Axepena,
CNPOEKTOBAHOI Ha MMOLLMHY MiH3W, € 3HAYHO GiNbLLOD 3a XxapaKTepHui pagiyc EfHWTeHa nonsa MikponiH3 Ta xapaKkTepHui
po3mip 3ryctky TM. B koxHin peanisauii macu MiKponiH3 BuOGUpanucs BUNAgKOBMM YMHOM 3riQHO COMMNITEPIBCLKOro

posnoginy 3 cTeneHeBuM iHgekcom —2.35 npu M, €[0.210 | M, .
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Puc. 4. ABTokopensuiiHi cyHKUiT kpuBux 6nmcky npu 0,, =0.3,y=0.5, k=5, a=1/2

[ns BBEAEHHSI MPOTSHXKHUX Mac 4YacTKy BMMAZKOBO BMOPaHWX TOYKOBUX Mac (MPOMOPUiHY OMTWYHIA FyCTUHI O, )

3amiHgeMO Ha abo Ha i3omnboBaHi MPOTsXKHI 3rycTkn (Mogenb 1), abo Ha cynepnoauuii 3ryCTKiB i TOYKOBUX Mac 3 OesKUM
gikcoBaHUM o (Mogenb 2).

B xoai po6otn pospaxoBaHo no 100 peanisauin nons koediuieHTIB NiACUNEHHA ANA KOXHOro Habopy BXigHMX
napametpis. 3aranbHa onTUYHa rmubuHa o, =0, +0, =const, Ae O, — ONTU4HA MWUBMHA TOYKOBWX MIKPOMIH3, O, —

onTUYHa rmMmMbuHa 3rycTkiB. LUNsxom 3amiHM MIKpOMiH3 Ha 3rycTKM 3 TaKOK X Macol, arne 3 HEeHyNbOBMM pPO3MipOM,
BPaxOBaHO BIOHOWEHHA O, [O O, ; NMPU UiA 3amiHi Macu 3rycTkiB BiAnoBidanu macam MikponiHd M, , a poamip

BCTaHOBMNIOBABCA PiBHUM R_; = KR, Ae KoeqilieHT k 3anuiiascs cTanum Ans yCboro Habopy peanisauiii. B paHii poborTi
mMu posrnagaemo y = 0 Ta 0.5, a poamip 3ryctkiB Kk =5 npn a =0 (mogens 1) Ta aa=1/2 (mogenb 2). Bubip oamHuui

1/2
HOBXWHU Ha pucyHkax signosigae R =[4GMODdS/(02DdDS)] =1. Hani t, T 3anucaHo B oauHWUAX R TO6TO

E0
LWBKUAKICTb [xepena BigHOCHO MOrs MiKPOMiH3 MPUAMAEMO 3a OAMHULIO.
4. Pesynbtatn. Burnag kapT koedilieHTiB NiACUNEHHS ANnS PisHUX O, CYTTEBO BiApPI3HAETLCS, 3i 36iNbLUEHHAM KinbKOCTI

3rycTKiB CMOCTepiraeTbCA "pO3MMBAHHA" KayCTWK, LLO MPU3BOAWTL | A0 3MiHW aBTOKOPENSAUNHUX (PYHKUA KpyBMX GnnCKy.
Posrnsgatoum BMNAdOK HesanexHux 3rycTkiB Mmatepii (mogenb 1), cnocTepiraeTbCs [OCUTb CUMbHa 3anexHiCTb aBTo-
KopenauinHmMx dyHKUIN Big YacTku 3rycTkiB (Puc. 1), Nnpu LpOMy aBTOKOPENSLIiS 3pOCTae Mpy HAsiBHOCTI 30BHILLHLOIO 3CyBY —
Le MOSICHIETECA PO3TAryBaHHSM KapTu KOediLieHTIB MiACUNEHHS i SIK Hacnigok 36iMnbLUeHHs NiHIMHWX po3MipiB 3B'A3aHMX
obnactern (Puc. 2). Y Bunagky, Konu LIEHTP Mac 3rycTKiB cniBnagae 3 BianoBigHWMW TOYKOBUMWM Macamu (Mogenb 2)
3anexHicTb Big onTUYHOT rMubuHK € cnabwoto (Puc. 3), ane npy HasiBHOCTI 30BHILLHLOrO 3CyBY aBTOKOpensuiiHa ¢yHKuUis
KpuBMX BRMCKY TakoX CyTTeBO 3MiHEeTbCs (Puc. 4). Takum YMHOM, MaeMO MPUHLMMOBY MOXIMBICTb MepeBipku edekTiB
knactepu3sadii TM i BHyTpILLHbOI CTPYKTYPW MNiH3YK0YOI ranakTukv — 3a HasiBHOCTiI AOCTaTHbO TPUBANMX psaiB CoCTePeXeHb.
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CTATUCTUKA TPABUTALUOHHOI'O JIMH3UPOBAHUA YOANEHHOIO UCTOYHUKA
HA CUCTEME NPOTAXEHHbLIX N TOYEYHbIX MACC B NMPUCYTCTBUN BHELUHEIO COABUTA

MocmpoeHb! asmoKoppensiuUOHHbIe (YHKUUU JIe2KUX KPpUebIX MUKPOJIUH3Upo8aHusi modesnu ydaneHHO20 UCMOYHUKA C MOMOWbLIO CMo-
xacmu4eckoli cucmeMbl MOYeYHbIX Macc (38e30) U pacwupeHHbIX KOoHguzypayulii — npednonazaembie memHol mamepuu (DM) caycmku. Usonu-
poeaHHble DM caycmku c4umaromcsi cynepro3uyusiMu MmoYeyHbiX Macc u a2n1bl6 ¢ mem xe yeHmpom. Co3zdaH hyHKuuu aemokoppensyuu Ons
HecKosibKuX Habopoe napamempos, KOmopble XapaKmepu3ym OMHOCUMesIbHYI0 KOHUEeHMPayuo MoYKU U NPOMsHKeHHbIX Macc 8HewHe20 cdauaa.

Knioyesnle cnoea: eHeaar qJeckas ep UUOHHOE JIUH3UPOBaHUe, MeMHasi Mamepusi.

V. Sliusar, Research Engineer,
V. Zhdanov, Dr. Phys. and Math. Sci., prof.
Taras Shevchenko National University of Kyiv, Kyiv

STATISTICS OF GRAVITATIONAL LENSING OF A REMOTE SOURCE
ON A SYSTEM OF EXTENDED AND POINT MASSES IN PRESENCE OF AN EXTERNAL SHEAR

We built autocorrelation functions of the light curves in the microlensing model of a remote source by a stochastic system of point masses
(stars) and extended configurations — putative dark matter (DM) clumps. Besides isolated DM clumps we consider superpositions of point masses
and clumps with the same center. The autocorrelation functions are generated for several sets of parameters that characterize the relative
concentration of point and extended masses and an external shear.

Key words: extragalactic gravitational lensing, dark matter.
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OLLIHKA KOMBIHALLII KOCMOJNOriYHUX NAPAMETPIB
3A BEJIMKOMACLIUTABHUMMU PYXAMMU RFGC-TANAKTUK

Po3anssHymo obMexeHHs1 Ha KOMOiHauilo KOCMOso2iYHUX napamempie 0., ma Os 3a CMNOCMEPEXEHHSAIM MeKyaspPHUX
weudkocmeli NIOCKUX 2anakmuk kamanozy RFGC. OmpumaHo ouinky (Q, /0.3)0'35 cg =0.87+£0.05.
Knroyoei cnoea: eennukomacwmabHi pyxu 2anakmuk, KOCMOJI02i4Hi napamempu.

Bcmyn. Y kocmonorii BBaXaeTbes, Lo BcecBiT ogHopigHWiA Ta isoTponHuii. Ane Ha Maclutabax MeHwwnx 3a 200-300 h™ Mnk
BiH JOCTaTHbO HeOOHOPIgHWN. ICHYTb Micusa 3i 30iNbLIEHO TYCTUHOK MaTepii, Hanpuknag, HaACKyMYeHHs ranakTuk,
iCHylOTb MycToTM abo BoWau, Ae rycTuHa marepii 3Ha4yHO MeHLWa 3a cepefHio ¢oHoBy. Lli BigxmuneHHsa € pesynbTatom
3pOCTaHHS i3 YaCoOM HEBENMKNX NoYaTKOBUX hNyKTyaUil FyCTUHU Y paHHbOMY BcecsiTi.

[anakTukn noBoAsATbCA AK NPobHi YacTuHKM B HeogdHopiaHoMy Bcecsiti. BoHM maioTb AogaTkoBe NPUCKOPEHHS A0
obnacten 3 HafnULLIKOM TYCTUHM Ta MEHLUEe MPUTArYTbCA A0 MyCTOT. TOMY BOHW pyxalTbCA Ha (OOHI 3aranbHOro
xabbniscbkoro poswmpeHHa BcecsiTy. Llen pyx, Tak 3BaHuMn HexabbniBCbkuii BEnMKOMACLUTaOHWIA KOMEKTUBHWUN pyX
ranakTuK ONMUCYETbCS MOMEM LUBUAKOCTEN, sIKe MU BU3HAYAEMO Ta AOCHIAKYEMO. 3a aCTPOHOMIYHMMUK CMOCTEPEXEHHAMMU
MU MOXEMO BU3HAYUTK TiNbKU MOro pagianbHy CKNagoBy, ane 3acTOCyBaBLUM MEBHY MOAENb MO LWBUMAKOCTEN MOXHa
BM3Ha4YMTV PO3NOAiN TPUBUMIPHOT LLIBUAKOCTI.

B AO KHY 6arato pokiB BegyTbCA OOCMIIKEHHS BENMKOMAaclTabHMX PpyXiB ranakTuk, 30Kpema MMOCKMX ranakTuk,
opieHToBaHMX 3 pebpa [10]. CTtBopeHo pa3om 3 CAO PAH aBa katanoru Takmx ranaktmk — FGC [3] Ta oro nepernsHyTty
Bepcito RFGC [4], koTpa MicTnTb AaHi npo 4236 ranaktuk. Came konektusHi pyxn RFGC-ranakTk € OCHOBO L€l poboTu.

3a poku, BNpOOOBX SKMX BeO4yTbCs L poboTu, CTBOPEHO Aekinbka BUBIPOK AaHUX MPO YEPBOHI 3MilLlEHHS Ta LUMPUHU
ninin HI pagioBMnpoMiHOBaHHS ranakTuk Ha AOBXWHI XBUMi 21 cM abo onTWUYHI WKnpHK ranakTuk. OCTaHHS 3 HUX MICTUTb
AaHi npo 1661 ranakTtuky [5]. Ockinbku Le Tinbkn 39 % Big 06'emMy kaTanory, B HacTynHi poku nepegbayaetbcst nogarnbiue
36inbLUeHHs 06cAry Ta yTOYHEHHs1 BUGIpKM 3@ paxyHOK JaHWX HOBUX CMOCTEPEXEHb, NEPEBAXHO PagioCNOCTEPEXKEHD.

Ha ocHoBi BWGipkM Ta MynbTunosnbHOI Mogdeni nons weuakocTer [10] CTBOPEHO [Aekinbka CrAMCKIB NEKYNSPHUX
LUBMAOKOCTEW ranakTuk, To6To pagianbHMX KOMMOHEHT HexabOniBCbkux pyxiB, OCTaHHiA 3 Hux ue [6]. Lli cnucku, B cBOMO
yepry, € OCHOBO Ans noAanblUnX AOCHIIKEHb.

MekynsapHi WBWAKOCTI 3anexatsb Bi4 3Ha4YeHb KOCMOMOTiYHMX NapameTpiB, neped yciMm Q,, = p/ps , BE pgr L€ KPUTUYHA

ryCTUHa, Ta Og, TOMY iX MOXHa OLIHUTMK 3a cinckamun nekynsapHux wemnakocten RFGC-ranaktuk. OuiHkv Aobpe cnisnagatotb
3 BinbL TOYHMMM OLHKaMK 3a AaHUMK CYNYTHUKIB, L0 AOCMIOXYOTh penikToBe BunpoMiHtoBaHHs [10].
O6MmexeHHs1 3a nekynsipHuM pyxoM RFGC-ranaktuk gawTb By3bki Ta OOCUTb BUTArHYTI obnacti. Ons KinbKicHWMX

obmexeHb Kpalle BUKOPWUCTOBYBATU KOMOIHALil0 KOCMOSOriYHMX MapamMeTpiB Buay (Qm/0.3)°‘08 npy onTumanbHOMY
3Ha4yeHHi NapameTpy a. Lle 3HayeHHst MmoxHa oTpumaTu npy o = 0.35, BOHO 3abe3nedvye MiHiManbHy Noxnbky komMGiHaLil,
LLIO AOPIBHIOE (Qm /0.3)0'3508 =0.91+£0.05 [7].

Ob6mMexeHHs1 Ha KoMbiHayilo KocMosozidyHux napamempie. B pobGoTi [5] He HaBedeHa OLUiHKA KOCMOJOTYHUX
napamMeTpiB Ha OCHOBI NEKYNSIPHUX LLUBUAKOCTEN ranaktuk Bubipku. HaBegemo i, 3acTtocyBaBLUM MeTOA, 3anpOnoHOBaHWI B
po6oTi [1], ToyHilwe obuaBa 3anponoHoBaHi MeToau — GinbLl Ta MeHLW cknagHui. Mu Bu3Havyaemo cninbHi 06MeXeHHs Ha
BENMYMHM KOCMOSOTYHMX NapameTpis Q,, Ta Og, 3aCTOCyBaBLUM MeTOA MakcumanbHoi npasgonodioHocTi (MMIT) [8]. BoHu
HaBeeHi Ha Puc. 1 gns Ginbw Ta MeHWw cknagHoro metoay. MNMpaeaononidHicTb 36inbLIyeTbCS Ha NpaBin rpanHuui rpadika,
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